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Description 

[CHIP STRUCTURE WITH A PASSIVE 
DEVICE AND METHOD FOR FORMING 

THE SAME] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92120050, filed July 23, 2003.This ap- 
plication is a Continuation-ln-Part of Serial Number 
10/445,558, filed on 05/27/03, which is a Continuation- 
ln-Part of Serial Number 10/303,451, filed on 11/25/02, 
which is a continuation of Serial Number 10/156,590, 
filed on 05/28/02, now issued as U.S. Patent 6,489,647, 
which is a Divisional Application of Serial Number 
09/970,005, filed on 10/03/01, now U.S. Patent 
6,455,885, which is a Divisional Application of Serial 
Number 09/721,722, filed on 11/27/00, now U.S. Patent 
6,303,423, which is a Continuation-ln-Part of Serial Num- 
ber 09/637,926, filed on 08/14/00, now abandoned, 
which is a Continuation-ln-Part of Serial Number 


09/251,183, filed on 02/17/99, now U.S. Patent 

6,383,916 Bl, which is a Continuation-ln-Part of Serial 

Number 09/216,791, filed on 12/21/98, now abandoned, 

assigned to common assignee. 
Background of Invention 

[0002] Field of the Invention 

[0003] The invention relates to a chip structure with a passive 

device and a method for forming the same. More particu- 
larly, the invention relates to a chip structure having a 
passive device with high performance and high quality 
and a method for forming the same. 

[0004] Description of the Related Art 

[0005] information products are playing important roles in to- 
day's competitive society. With the evolution of the infor- 
mation products and the introduction of the concept of 
integrating various circuit designs, the latest single chip, 
generally, provides more functions than the former one. 
After integration, the dimension of the circuits is reduced 
and the majority of the signals are being transmitted 
within a single chip. As a result, paths for transmitting 
signals are reduced and the performance of the chip is 
improved. 


[0006] | n general, a circuit often works with some passive de- 
vices. Conventional passive devices are positioned inside a 
chip or on a printed circuit board. In the first case, as pas- 
sive devices are formed inside the chip, they are formed in 
or over a semiconductor substrate during the formation of 
electronic devices, whose methods comprise a physical-va- 
por-deposition (PVD) process, a chemical-va- 
por-deposition (CVD) process, and a photolithography-etch- 
ing process. In the second case, as the passive devices are 
being placed on a printed circuit board, they are bonded 
onto the printed circuit board using surface-mounting 
technology (SMT). In the latest advancement of the tech- 
nology, the concept related to placing passive devices 
over an IC passivation layer is presented in US Patent No. 
6,303,423, US Patent No. 6,455,885, US Patent No. 
6,489,647, US Patent No. 6,489,656, and US Patent No. 
6,515,369. 

[0007] wherever the passive devices are disposed, both merits 
and demerits exist. When the passive devices are formed 
in the chip, a resistor with high quality and high accuracy 
can be formed using the concurrent semiconductor pro- 
cess. A capacitor having a dielectric layer that is as thin as 
a few angstroms can be formed using a chemical-va- 


por-deposition process and thus the capacitor with high 
accuracy can be provided. However, in the case that an in- 
ductor is formed in a chip, an eddy current occurs in the 
silicon semiconductor substrate, due to the electromag- 
netic field generated by the inductors, which dramatically 
reduces the quality factor of the inductor (Q value). The 
parasitic capacitance between the inductor and the under- 
lying silicon semiconductor substrate induces a serious 
negative impact on a LC circuit with the inductors. Fur- 
thermore, the electromagnetic field generated by the in- 
ductors would adversely impact the performance of other 
electronic devices that are located in the vicinity of the in- 
ductors. 

[0008] when the passive devices are formed on the passivation 
layer of the chip, the process is generally performed in a 
bump fab. The bump fab can not provide a process with 
high image resolution whereby a resistor and a capacitor 
are formed and therefore the dimension of the resistor 
and the capacitor is inaccurate. The resistance value of the 
resistor and the capacitance value of the capacitor can not 
be controlled within a small tolerance. Generally, a bump 
fab does not have a capability of forming a film using a 
chemical-vapor-deposition process and thus a thin di- 


electric layer can not be formed for the capacitor. As a re- 
sult, the capacitor with large capacitance value can not be 

formed in a bump fab. 
Summary of Invention 

[0009] Therefore, one objective of the present invention is to 
provide a chip structure with passive devices and a 
method for forming the passive devices, namely, resisters, 
capacitors and inductors with high accuracy in the chip 
structure, using implements in a wafer fab and in a bump 
fab together and combining the individual merits of the 
fabricating processes performed in a wafer fab and in a 
bump fab. 

[0010] jhe present invention is directed to a method for forming 
a chip structure including at least a resistor. A plurality of 
electronic devices and a resistor are formed in a surface 
layer of a semiconductor substrate. A plurality of dielectric 
layers and a plurality of circuit layers are formed over the 
semiconductor substrate. The dielectric layers are stacked 
over the semiconductor substrate and have a plurality of 
via holes. Each of the circuit layers is disposed on corre- 
sponding one of the dielectric layers respectively, wherein 
the circuit layers are electrically connected with each other 
through the via holes and are electrically connected to the 


electronic devices. A passivation layer is formed over the 
dielectric layers and the circuit layers. A circuit line is 
formed over the passivation layer, wherein the circuit line 
passes through the passivation layer and is electrically 
connected to the resistor. 
[0011] The resistor is not limited to being formed on the semi- 
conductor substrate. Alternatively, a resistor may be 
formed on one of the dielectric layers or formed on the 
passivation layer, wherein the resistor is electrically con- 
nected with the circuit line positioned over the passivation 
layer. 

[0012] Because the resolution of the semiconductor process per- 
formed in the concurrent wafer fab can be reduced up to 
0.1 microns, the resistor can be formed with high accu- 
racy. Therefore, the resistance value of the resistor can be 
precisely controlled by using the semiconductor process. 

[0013] B 0 th the foregoing general description and the following 
detailed description are exemplary and explanatory only 
and are not restrictive of the invention, as claimed. It is to 
be understood that both the foregoing general description 
and the following detailed description are exemplary, and 
are intended to provide further explanation of the inven- 
tion as claimed. 


Brief Description of Drawings 

[0014] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0015] FIG. 1 is a schematic cross-sectional view showing a 

method for forming a chip in a wafer fab according to a 
first embodiment of the present invention. 

[0016] FIGS. 2-4 are schematic cross-sectional views showing a 
method for forming a chip structure in a bump fab ac- 
cording to a first embodiment of the present invention. 

[0017] FIG. 5 and FIG. 6 are schematic cross-sectional views 

showing chip structures according to a second embodi- 
ment of the present invention. 

[0018] FIG. 7 is a schematic cross-sectional view showing a chip 
structure according to a third embodiment of the present 
invention. 

[0019] FIG. 8 is a schematic cross-sectional view showing a chip 

structure according to a forth embodiment of the present 

invention. 
Detailed Description 


[0020] First Embodiment 

[0021] FIG. 1 is a schematic cross-sectional view showing a 

method for forming a chip in a wafer fab according to a 
first embodiment of the present invention. Referring to 
FIG. 1, in a semiconductor fab, multiple electronic devices 
112, such as transistors or MOS devices, are formed in a 
surface layer 114 of the semiconductor substrate 110, 
wherein the semiconductor substrate 110 is, for example, 
silicon. During forming the electronic devices 112, a re- 
sistor 140 is formed by doping dopants, such as boron, 
phosphorous, arsenic or gallium, into the surface layer 
through the surface 114 of the semiconductor substrate 
110. The resistor 140 is made of, for example, a material 
of constituting a N well, a P well, a N + diffusion region or 
a P + diffusion region. 

[0022] Multiple dielectric layers 122 and 124 are deposited on 
the semiconductor substrate 110 and have a plurality of 
via holes 125 (only shown one of them). Multiple circuit 
layers 132 and 134 are disposed on the dielectric layers 
122 and 124, respectively. The circuit layers 132 and 134 
are electrically connected with each other through the via 
holes 125 and are electrically connected to the electronic 
devices 112. The circuit layers 132 and 134 are formed, 


for example, by depositing aluminum or an aluminum al- 
loy using a PVD process or by depositing copper or a cop- 
per alloy using an electroplating process and a damascene 
process. 

[0023] During forming the circuit layer 134, an electrode 152 of a 
capacitor is formed on the dielectric layer 124 that is the 
one farthest away from the semiconductor substrate 110. 
The electrode 152 is formed, for example, by depositing 
aluminum or an aluminum alloy using a PVD process or by 
depositing copper or a copper alloy using an electroplat- 
ing process and a damascene process. The electrode 152 
has a thickness dl, for example, ranging from 0.05 mi- 
crons to 2 microns. 

[0024] During forming the circuit layer 134, an electromagnetic- 
field shielding layer 160 is formed on the dielectric layer 
124 that is the one farthest away from the semiconductor 
substrate 110. The electrode 152 is formed, for example, 
by depositing aluminum or an aluminum alloy using a PVD 
process or by depositing copper or a copper alloy using 
an electroplating process and a damascene process. 
Preferably, The electrode 152 and the electromagnetic- 
field shielding layer 160 has the same material, such as 
aluminum, copper, an aluminum alloy and a copper alloy. 


The electrode 152 and the electromagnetic-field shielding 
layer 160 have the same thickness, for example, ranging 
from 0.05 microns to 2 microns. 

[0025] Afterwards, a passivation layer 140 is formed over the di- 
electric layers 122 and 124 and the circuit layers 132 and 
134, covering the electrode 152 and the electromagnetic- 
field shielding layer 160. The passivation layer 150 has a 
thickness t, for example, larger than 0.35 microns. It 
should be noted that the passivation layer 150 should be 
thick enough to prevent moisture, impurities, mobile ions 
or transitional metal elements from penetrating 
therethrough. The passivation layer 140 has openings 128 
and 129 exposing the electrode 152 and the circuit layer 
134. The openings 129 have a width, for example, rang- 
ing from 0.1 microns to 20 microns. The passivation layer 
150 can be a silicon-dioxide layer, a silicon-nitride layer, 
a phosphosilicate-glass (PSG) layer, a silicon oxynitride 
layer or a composite structure by depositing some or all of 
the above-mentioned dielectric layers. 

[0026] Next, a capacitor dielectric-layer 154 is formed on the 
electrode 152 and has a thickness, for example, ranging 
from 0.005 microns to 2 microns. 

[0027] The capacitor dielectric-layer 154 can be formed using 


the following methods: 
[0028] First Method: the capacitor dielectric-layer 154 is formed 
by depositing tetraethylorthosilicate (TEOS), silicon diox- 
ide, silicon nitride, silicon oxynitride, tantalum oxide (Ta 
O ), strontium titanate (SrTiO ) or barium-stron- 
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tium-titanate (BST) using a CVD process. 
[0029] Second Method: the capacitor dielectric-layer 154 is 

formed by depositing tantalum oxide (Ta^), strontium 
titanate (SrTi0 3 ) or barium-strontium-titanate (BST) using 
a PVD process. 

[0030] The capacitor dielectric-layer 154 can be a single layer 

made of one of the above-mentioned materials or a com- 
posite structure formed by depositing some of the above- 
mentioned materials. After forming the capacitor dielec- 
tric-layer 154, photographic and etching processes are 
performed to form an opening 155 passing through the 
capacitor dielectric-layer 154 and exposing the electrode 
152. 

[0031] After the capacitor dielectric-layer 154 is formed, the 

semi-finished chip structure 101 can be transmitted from 
a wafer fab to a bump fab or a packing house for further 
downstream processing. FIGS. 2-4 are schematic cross- 
sectional views showing a method for forming a chip 


structure in a bump fab according to a first embodiment 
of the present invention. Referring to FIG. 2, after the 
semi-finished chip structure 101 is transmitted to a bump 
fab, an insulation layer 170 is formed on the passivation 
layer 126. The insulation layer 170 has multiple openings 
172 substantially aligned with the openings 128 and 129 
of the passivation layer 126 and exposing the circuit layer 
134, the capacitor dielectric-layer 154 and the electrode 
152. The insulation layer 170 is made of polyimide (PI), 
benzocyclobutene (BCB), porous dielectric material, pary- 
lene, elastomer, or low k dielectric material, for example. 
[0032] Referring to FIG. 3, for example, using a sputter process 
and a electroplating process, a metal layer 180 is formed 
on the insulation layer 170 and is filled into the openings 
172 of the insulation layer 170. The metal layer 180 is a 
composite structure by depositing some of those selected 
from the group consisting of a titanium-tungsten-alloy 
layer, a titanium layer, a titanium-nitride layer, a tantalum 
layer, a tantalum-nitride layer, a chromium layer, a copper 
layer, a chromium-copper-alloy layer, a nickel layer and a 
gold layer. Alternatively, the metal layer 180 can be 
formed by depositing aluminum or an aluminum alloy us- 
ing a sputter process. 


[0033] The metal layer 180 includes circuit lines 182, 184, an 

electrode 186 of a capacitor and an inductor 188. The cir- 
cuit line 182 passes through one of the openings 172 of 
the insulation layer 170 and one of the openings 129 of 
the passivation layer 126 and is electrically connected to 
the resistor 140 through the circuit layer 134 and the 
metal via 136. The circuit line 182 is, for example, a 
power bus, a ground bus or a signal transmission line. 
The circuit line 184 passes through one of the openings 
172 of the insulation layer 170 and the openings 155 of 
the capacitor dielectric-layer 154 and is electrically con- 
nected to the electrode 152. The electrode 186 is posi- 
tioned on the capacitor dielectric-layer 154 and has a 
thickness, for example, ranging from 0.6 microns to 50 
microns. A capacitor 150 is composed of the electrodes 
186, 152 and the capacitor dielectric-layer 154 located 
between the electrodes 186, 152. The inductor 188 is po- 
sitioned on the insulation layer 170. The inductor 180 can 
be formed in a shape of a coil, a solenoid or a toroid and 
can be referred to U.S. Patent 6,303,423, which is hereby 
incorporated by reference in its entirety. The electromag- 
netic-field shielding layer 160 is positioned under the in- 
ductor 188; in other words, the electromagnetic-field 


shielding layer 160 is positioned between the inductor 
188 and the electronic devices 112. The electromagnetic 
field generated by the inductor 188 is shielded by the 
electromagnetic-field shielding layer 160 and thereby 
dramatically reduces the interference with the electronic 
devices 112. 

[0034] The top electrode 186, the inductor 188 and circuit lines 
182, 184 are completed at the same time. The electrode 
186, the inductor 188 and circuit lines 182, 184 can be 
formed, from bottom to top, from a titanium layer and a 
copper layer or a titanium layer, a copper layer and a 
nickel layer or a titanium layer, a copper layer, a nickel 
layer and a gold layer, or a titanium-tungsten-alloy layer 
and a gold layer, or a chromium layer, a chromium-cop- 
per-alloy layer and a copper layer, or a chromium layer, a 
chromium-copper-alloy layer, a copper layer and a nickel 
layer. 

[0035] Thereafter, referring to FIG. 4, an insulation layer 190 is 
formed on the insulation layer 170, for example, using a 
spin-coating process. The insulation layer 190 covers the 
electrode 186, the inductor 188 and the circuit lines 182, 
184. The insulation layer 190 is made of polyimide (PI), 
benzocyclobutene (BCB), porous dielectric material, pary- 


lene, elastomer or low k dielectric material, for example. 

[0036] | n accordance with the present invention, because the im- 
age resolution of the semiconductor process performed in 
a wafer fab can be minimized to 0.1 microns, the resistor 
140 formed on the surface 114 of the semiconductor sub- 
strate 110 has high accuracy in dimension. Therefore, the 
resistor 140 has a resistance value with high accuracy. 

[0037] The capacitor 150 is formed near the passivation layer 
126 and thereby the semiconductor substrate 110 of the 
chip structure 100 has more areas for forming the elec- 
tronic devices 112. Moreover, the passivation layer 126 
has a large area where the capacitor 150 can be formed, 
so the capacitor 150 with high capacitance value can be 
formed in the chip structure 100 and the size of the ca- 
pacitor 150 can be readily modified. Further, the capacitor 
150 is disposed near the passivation layer 126 and the 
electronic devices are not formed on the passivation layer. 
The electronic devices 112 positioned on the semiconduc- 
tor substrate 112 of the chip 100 being interfered by the 
charges stored in the capacitor 150 can be avoided. More- 
over, using a semiconductor process to form the capacitor 
dielectric-layer 154, the thickness and the property of the 
capacitor dielectric-layer 154 can be accurately con- 


trolled. Consequently, the capacitance value of the capaci- 
tor 150 can also be accurately controlled. 

[0038] | n the present invention, the inductor 188 formed in a 
bump fab or packing house has a metal line with large 
thickness, so the resistance effect of the metal line of the 
inductor 188 is reduced. Moreover, the inductor 188 can 
be formed on the insulation layer 170 with large thickness 
and far away from the semiconductor substrate 110, so 
the eddy current in the silicon semiconductor substrate 
110, caused by the electromagnetic field generated by the 
inductors 188, can be diminished. The inductor 188 with 
high accuracy and high efficiency can be formed in the 
chip structure 100. 

[0039] Second Embodiment 

[0040] FIG. 5 and FIG. 6 are schematic cross-sectional views 

showing chip structures according to a second embodi- 
ment of the present invention. Wherever possible, the 
same reference numbers are used in the second embodi- 
ment and the first embodiment to refer to the same or like 
parts. 

[0041] a resistor can be formed on one of the dielectric layers 
positioned between the semiconductor substrate and the 
passivation layer. For example, referring to FIG. 5, in a 


wafer fab, a resistor 340 is formed on the dielectric layer 
122 positioned between the semiconductor substrate 110 
and the passivation layer 126. The circuit line 182 passes 
through the insulation layer 170 and the passivation layer 
126 and is electrically connected to the resistor 340 
through the circuit layer 134 and the metal via 136. The 
resistor 340 can be formed by depositing polysilicon us- 
ing a chemical-vapor-deposition (CVD) process. More- 
over, the resistance value of the resistor 340 can be regu- 
lated by doping dopants, such as boron, phosphorous, ar- 
senic or gallium, into polysilicon. The resistor 340 can be 
formed by depositing aluminum, copper, an aluminum al- 
loy or a copper alloy using a physical-vapor-deposition 
(PVD) process. Besides, the resistor 340 can be formed by 
depositing tungsten using a CVD process. The resistance 
value of the resistor 340 can be adjusted by modifying its 
height, width and length. Generally, the resistor 340 has a 
width smaller than that of a trace of the circuit layer 132. 
[0042] Referring to FIG. 6, in a wafer fab, a resistor 440 is formed 
on the dielectric layer 124. The circuit line 182 passes 
through the insulation layer 170 and the passivation layer 
126 and is electrically connected to the resistor 440. The 
resistor 440 and the electrode 152 of the capacitor 150 


are formed on the dielectric layer 124 that is the one far- 
thest away from the semiconductor substrate 110. The 
passivation layer 126 covers the resistor 440 and the 
electrode 152 of the capacitor 150. Preferably, the resistor 
440 and the electrode 152 of the capacitor 150 have the 
same material, such as aluminum, copper, an aluminum 
alloy or a copper alloy. Generally, the resistor 440 has a 
width smaller than that of a trace of the circuit layer 134. 
[0043] Third Embodiment 

[0044] FIG. 7 is a schematic cross-sectional view showing a chip 
structure according to a third embodiment of the present 
invention. Wherever possible, the same reference numbers 
are used in the third embodiment and the first embodi- 
ment to refer to the same or like parts. 

[0045] Referring to FIG. 7, in a wafer fab, a resistor 540 is formed 
on the passivation layer 126. The circuit line 182 passes 
through the insulation layer 170 and is electrically con- 
nected to the resistor 540. The resistor 540 has a thick- 
ness tl smaller than the thickness t2 of the circuit line 
182 or has a width smaller than that of the circuit line 
182. The resistor 540 can be formed by depositing alu- 
minum, an aluminum alloy, copper, a copper alloy, a 
nickel-chromium alloy, a nickel-tin alloy, tantalum nitride, 


tantalum or tungsten using a vapor-deposition method or 
an electroplating method. 
[0046] Forth Embodiment 

[0047] The above embodiments disclose that an inductor is 

formed on an insulation layer made of polyimide, for ex- 
ample, but the present invention is not limited to the 
above disclosure. FIG. 8 is a schematic cross-sectional 
view showing a chip structure according to a forth em- 
bodiment of the present invention. Wherever possible, the 
same reference numbers are used in the forth embodi- 
ment and the above embodiments to refer to the same or 
like parts. 

[0048] Referring to FIG. 8, in a bump fab or packaging house, the 
inductor 188 and the circuit line 182 are formed directly 
on the passivation layer 126. The circuit line 182 passes 
through the passivation layer 126 and is electrically con- 
nected to the resistor 440. The inductor 188 is formed di- 
rectly over the electromagnetic-field shielding layer 160. 
Therefore, the electromagnetic field generated by the in- 
ductor 188 is shielded by the electromagnetic-field 
shielding layer 160 and thereby dramatically reduces the 
interference with the electronic devices 112. An insulation 
layer 690 is formed on the passivation layer 126, for ex- 


ample, using a spin-coating process. The insulation layer 
690 covers the electrode 186 of the capacitor 150, the in- 
ductor 188 and the circuit lines 182, 184. The insulation 
layer 690 is made of polyimide (PI), benzocyclobutene 
(BCB), porous dielectric material, parylene, elastomer or 
low k dielectric material, for example. 
[0049] conclusion 

[0050] | n the above embodiments, all of the chip structures in- 
cludes an inductor, a capacitor and a resistor, but the 
present invention is not limited to the above embodi- 
ments. Other combinations is described as follows: 

[0051] Combination I: A chip structure only has the resistors with 
the above-mentioned characteristics. 

[0052] Combination II: A chip structure only has the capacitors 
with the above-mentioned characteristics. 

[0053] Combination III: A chip structure only has the inductors 
with the above-mentioned characteristics. 

[0054] Combination IV: A chip structure only has the resistors 

and the capacitors with the above-mentioned characteris- 
tics. 

[0055] Combination V: A chip structure only has the inductors 
and the resistors with the above-mentioned characteris- 
tics. 


[0056] Combination VI: A chip structure only has the inductors 

and the capacitors with the above-mentioned characteris- 
tics. 

[0057] The present invention has the following advantages: 

[0058] i. Because the image resolution of the semiconductor 

process performed in a wafer fab can be minimized to 0.1 
microns, the resistor has high accuracy in dimension. 
Therefore, the resistor has a resistance value with high 
accuracy. 

[0059] 2. The capacitor is formed near the passivation layer and 
thereby the semiconductor substrate of the chip structure 
has more areas for forming the electronic devices. More- 
over, the passivation layer has a large area where the ca- 
pacitor can be formed, so the capacitor with high capaci- 
tance value can be formed in the chip structure and the 
size of the capacitor can be readily modified. Further, the 
capacitor is disposed near the passivation layer and the 
electronic devices are not formed on the passivation layer. 
The electronic devices positioned on the semiconductor 
substrate of the chip being interfered by the charges 
stored in the capacitor can be avoided. Moreover, using a 
semiconductor process to form the capacitor dielectric- 
layer, the thickness of the capacitor dielectric-layer can be 


accurately controlled. Consequently, the capacitance value 
of the capacitor can also be accurately controlled. 

[0060] 3, the inductor formed in a bump fab has a metal line with 
large thickness, so the resistance effect of the metal line 
of the inductor is reduced. Moreover, the inductor can be 
formed on the insulation layer with large thickness and far 
away from the semiconductor substrate, so the eddy cur- 
rent in the silicon semiconductor substrate, caused by the 
electromagnetic field generated by the inductors, can be 
diminished. The inductor with high accuracy and high ef- 
ficiency can be formed in the chip structure. 

[0061] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 


